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Abstract 
The technologies for seasonal thermal energy storage are of great significance in balancing the energy utilization and in enabling 
the renewable sources, especially solar energy, to be more widely used. The solar heating system with seasonal storage discussed in 
this paper is located in LuoYang City (Approx. E112’, N34.5’), in HeNan Province of China. The working data of the whole 
system, including temperatures of different parts, water flow, thermal energy, and solar irradiation, etc. are measured continuously 
and recorded using the technology of internet remote data transmission. The efficiency of the solar heating system is considered to 
be good when operating in general weather conditions, for example, 45% on sunny days. The average heat loss factor of the heat 
storage tank is only 0.50W/(K·m3),the ratio between surface and volume is about1.08 1/m. 
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1. Introduction 
Over the past few decades, rapid worldwide population growth and increasing standard of living has put a heavy 
burden on conventional energy resources and caused a lot of energy problems: shortage, dependency, high prices and 
price fluctuation, pollution, climate change, etc. that have caused a reconsideration of new acceptable and sustainable 
development patterns[1]. Numerous countries have commenced development programs of power systems utilising 
non-conventional energy sources when making plans for the application of conventional energy since the 1973–1974 
energy crisis [2]. Solar energy, as a pollution-free, inexhaustible and increasingly affordable energy resource, has 
received unprecedented consideration and approval, and extensive dependability studies and numerous practical 
applications have eventuated throughout the world. Among the various solar energy applications, solar energy storage 
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has been an active research area, especially seasonal storage which can not only significantly increase the utilization of 
solar energy, but also widen the application of solar collectors and water heating systems[3]. 
Nomenclature 
G Solar irradiance, W/m2; 
H Total daily solar irradiation during 7:00 and 17:00, MJ/m2; 
Q Total daily solar irradiation received by collectors during 7:00 and 17:00, MW·h; 
Q1 Output thermal energy of collectors measured by a heat meter, MW·h; 
Q2 Input thermal energy of the heat storage tank measured by a heat meter, MW·h; 
Q3 Output thermal energy of the heat storage tank measured by a heat meter, MW·h; 
Q4 Input thermal energy of the water-source heat pump measured by a heat meter, MW·h; 
Qpipe Heat loss of the pipelines between collectors and tanks, MW·h; 
ta Ambient temperature, °C; 
Tb1_1~Tb1_17 Water temperature in tank 1#( marking in figure 5), °C; 
Tb2_1~Tb2_17 Water temperature in tank 2#( marking in figure 5), °C; 
ti Initial water temperature in a tank during the average heat loss factor test , °C; 
tf Final water temperature in a tank during the average heat loss factor test, °C; 
ǻĲ Time interval for the average heat loss factor test, s; 
Us,l Average heat loss factor of the heat storage tank, W/(K·m3); 
tb Average initial water temperature of two heat storage tanks during the thermal efficiency test, °C; 
te Average final water temperature of two heat storage tanks during the thermal efficiency test, °C; 
Ș Thermal efficiency of the solar heating system with seasonal storage, Ș=cm(te-tb)/Q; 
ts Average water temperature in the heat storage tank, °C; 
r1 the internal diameter of the tank; 
r2 the external diameter of the tank; 
S the heat dissipation area of the top and bottom of the tank; 
l the height of the tank; 
Ȝ the thermal conductivity of polyurethane, equal to 0.035W/(m·K). 
Over the past few decades, rapid worldwide population growth and increasing standard of living has put a heavy 
burden on conventional energy resources and caused a lot of energy problems: shortage, dependency, high prices and 
price fluctuation, pollution, climate change, etc. that have caused a reconsideration of new acceptable and sustainable 
development patterns[1]. Numerous countries have commenced development programs of power systems utilising 
non-conventional energy sources when making plans for the application of conventional energy since the 1973–1974 
energy crisis [2]. Solar energy, as a pollution-free, inexhaustible and increasingly affordable energy resource, has 
received unprecedented consideration and approval, and extensive dependability studies and numerous practical 
applications have eventuated throughout the world. Among the various solar energy applications, solar energy storage 
has been an active research area, especially seasonal storage which can not only significantly increase the utilization of 
solar energy, but also widen the application of solar collectors and water heating systems [3]. 
The use of seasonal storage has more notable advantages than short-term storage. Fisch et al.(1998)summarised 
dozens of large-scale solar heating systems in Europe with different storage applications of short-term (diurnal) and 
long-term (seasonal) storage and the results showed that the pattern of seasonal storage could satisfy 50-70% of the 
annual heat demand, whereas the diurnal pattern could only meet 10-20%, and that the investment costs per square 
meter of solar collector for large-scale solar plants are only twice as high for systems with seasonal storage than for 
those with short-term storage[4]. Nevertheless, Hooper ( give reference) stated that a solar heating system for a 
Canadian home using seasonal storage would require 25% of the collector surface needed for the same system type 
equipped with short-term storage[5].  
Most systems choose to use sensible heat storage or natural phase-change materials as their heat storage mediums 
such as water, soil, cavern, and rock and so on in view of economic factors[6]. Hence, the seasonal system in this paper 
also uses water as its heat transfer medium and storage medium. In this manuscript we give some analyses and 
discussions based on the test data gathered from various monitors of the whole system. 
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2. Description of the solar system 
The solar heating system with seasonal storage shown in Figure 1 is located in LuoYang City of HeNan Province of 
China. The system contains five main parts distinguished as heat collectors, heat transfer pipeline, heat storage, heat 
supply, and auxiliary heat source.  
The  entire area is approximately 336 m2 with a collector aperture nearly 200 m2 assembled  at an inclination of 10° 
(limited by the roof and safety considerations)and containing 40 groups of all-glass vacuum tube collectors 
(East-West tubes, double sided water in glass manifold) with each group incorporating 50 tubes in size of 
ĭ58mm×1800mm. The heat is transferred by water to the buffer tank and other parts in pipelines of size  ĭ50mm and 
ĭ65mm. The 1# non-pressurized heat storage tank has a volume of 160 tons with 300mm thick polyurethane foam 
insulation layer in the wall and 300mm in the cover and 500mm in the bottom while the 2# tank has the same 
parameters to the 1# one except the polyurethane foam insulation layer in the wall is 500mm thick, with a purpose of 
determining if the insulating effect changes for different thicknesses of insulation layer , (the right hand picture in 
Figure 1). The heat supply part is designed to meet the heat consumption of a 1500 m2 floor radiation heating system (a 
staff dormitory)inwinter, with the help of an auxiliary water-source heat pump with an input power of 14.4kW and 
output power of 60kW. The water-source heat pump is used to heat water in the heat supply tank to maintain the 
indoor heating effect when the water temperature in the heat storage tanks drops below the set minimum.  
The medium used in the whole system for both heat transfer and heat storage is water.  
 
Fig.1. Appearance of the project 
The whole system gathers heat constantly by temperature difference cycle(see the operation principle diagram of 
the system in Figure 2). Hot water heated  by the collectors will be transferred into the buffer tank by a circulating 
pump when the difference between the water temperature in the collectors and temperature in the buffer tank reaches 
a set value,  and into the heat storage tank from the buffer tank by another circulating pump when the difference 
between the water temperature in the buffer tank and temperature in the heat storage tank reach a set value. 
The principle of operation of the solar energy supply part is a little different depending on the value the water 
temperature of the heat storage can reach. When the water temperature is sufficiently high  for floor heating, the heat 
storage tank will heat up the heat supply tank directly via a plate heat exchanger, otherwise the heat supply tank will 
need to be boosted by the auxiliary water-source heat pump.  
In this paper we concentrate on analysis and discussion of the performance of the heat collection, heat storage, 
heat exchange and the auxiliary heat source of the system. The data gathered consists of   solar irradiation (using 
a pyrgeometer of level I ), the ambient temperature(using a PT100 sensor of grade A and a display with an 
accuracy of 0.1 ć), the water temperature in different tanks (using PT100 sensors of grade A and a display with 
the precision of 0.1 ć), power consumption (using an electric energy meter with the precision of ±0.5%), 
andthermal energy (using heat meters including a flowmeter with the precision of 1%, and two temperature 
sensors with the precision of f0.1ć inside), etc. 
The heat meters are mounted in different positions in order to measure the thermal energy transferred through 
the whole system, including: the energy accumulation of collectors (Q1), of the heat storage tank input (Q2) and 
output (Q3), of the water-source heat pump input (Q4), including the input flow rate, inlet and outlet water 
temperatures) and output (Q5), including the output flow rate, inlet and outlet water temperatures). There are also 
17 temperature sensors mounted on the inside wall of the heat storage tanks at different vertical levels and 
positions (see Figure 4.(a)) to measure the average water temperature and to provide data regarding the water 
stratification.  
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The system uses a remote data transmission mode, namely the use of the real-time data acquisition plus DTU based 
on the Internet, to send the data to the remote back-end server. We have access to obtain the terminal data, including 
real-time data and historical data by remote login using the WEB server developed by ourselves. 
 
Fig.2. the operation principle diagram of the system 
3. Result and discussion 
3.1 The performance of the heat collection of the system 
3.1.1 Thermal performance test of the collector unit (Figure 3) 
 
Fig.3. Efficiency curve of the collector based on the aperture area and inlet temperature normalized difference 
3.1.2 The data collection and analysis for the system thermal performance 
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Table 1 Test data in clear days(the average water temperature in the heat storage tanks is about 46°C) 
Date H˄MJ/m2˅ Q˄MW·h˅ ta˄°C˅ tb˄°C˅ te˄°C˅ Q1˄MW·h˅ Q2˄MW·h˅ Qpipe˄MW·h˅ Ș 
July 8 19.64 1.09 34.8 46.5 47.6 0.62 0.44 0.18 37.51% 
July 11 21.67 1.20 33.5 48.1 49.2 0.66 0.44 0.22 34.01% 
July 13 22.10 1.23 33.3 49.5 50.7 0.69 0.47 0.22 36.37% 
July 15 23.03 1.28 32.8 50.7 51.9 0.80 0.47 0.33 34.91% 
July 20 19.16 1.06 34.3 39.6 40.9 0.64 0.49 0.15 45.46% 
July 22 20.71 1.15 33.5 42.5 43.8 0.73 0.50 0.23 42.06% 
July 26 21.78 1.21 32 45.9 47.0 0.71 0.42 0.29 33.83% 
Average value 21.16 1.18 33.5 46.1 47.3 0.69 0.46 0.23 37.55% 
Table 2 Test data in clear to cloudy days(the average water temperature in the heat storage tanks is about 48°C) 
Date H˄MJ/m2˅ Q˄MW·h˅ ta˄°C˅ tb˄°C˅ te˄°C˅ Q1˄MW·h˅ Q2˄MW·h˅ Qpipe˄MW·h˅ Ș 
July 9 14.78 0.82 32.8 47.8 48.5 0.42 0.28 0.14 31.73% 
July 19 16.74 0.93 31.5 39.8 40.6 0.51 0.3 0.21 32.02% 
July 28 18.58 1.03 33.3 48.5 49.3 0.53 0.34 0.19 28.85% 
Aug 2 16.59 0.92 34.5 51.7 52.3 0.43 0.25 0.18 24.22% 
Aug 3 18.39 1.02 35.5 52.4 53.2 0.54 0.31 0.23 29.14% 
Average value 17.02 0.95 33.5 48.0 48.8 0.49 0.30 0.19 29.13% 
Table 3 Test data in cloudy days(the average water temperature in the heat storage tanks is about 47°C) 
Date H˄MJ/m2˅ Q˄MW·h˅ ta˄°C˅ tb˄°C˅ te˄°C˅ Q1˄MW·h˅ Q2˄MW·h˅ Qpipe˄MW·h˅ Ș 
July 12 11.89 0.66 30 49.4 49.7 0.30 0.16 0.14 16.90% 
July 23 8.92 0.50 31.3 44.1 44.3 0.22 0.08 0.14 15.02% 
July 24 11.52 0.64 30.8 44.4 44.7 0.29 0.14 0.15 17.44% 
July 30 10.96 0.61 31.5 50.2 50.4 0.21 0.09 0.12 12.22% 
Average value 10.82 0.60 30.9 47.0 47.3 0.26 0.12 0.14 15.47% 
Table 4 Test data in overcast days(the average water temperature in the heat storage tanks is about 52°C) 
Date H˄MJ/m2˅ Q˄MW·h˅ ta˄°C˅ tb˄°C˅ te˄°C˅ Q1˄MW·h˅ Q2˄MW·h˅ Qpipe˄MW·h˅ Ș 
Aug 6 3.37 0.19 29.3 53.3 53.0 0.01 0.00 0.01 0% 
Aug 7 2.32 0.13 25.3 52.8 52.6 0.00 0.00 0.00 0% 
Aug 8 1.30 0.07 24.3 52.6 52.3 0.00 0.00 0.00 0% 
Average value 2.33 0.13 26.3 52.9 52.6 0.00 0.00 0.00 0% 
Table 5 test data in clear and clear to cloudy days(the average water temperature in the heat storage tanks is about 56°C) 
Date H˄MJ/m2˅ Q˄MW·h˅ ta˄°C˅ tb˄°C˅ te˄°C˅ Q1˄MW·h˅ Q2˄MW·h˅ Qpipe˄MW·h˅ Ș 
Aug 21 16.28 0.90 29.5 56.9 57.4 0.46 0.23 0.23 20.58% 
Aug 22 14.91 0.83 28.9 57.3 57.7 0.32 0.18 0.14 17.98% 
Aug 24 19.15 1.06 30.2 57.0 57.6 0.50 0.27 0.23 20.99% 
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Remark: In the tables above, we use the equation Ș=cm(te-tb )/Q  to calculate the total thermal efficiency of the 
system. Actually, another calculation was also done by the equation Ș=[Q2-Us,l·V·ǻĲ·(ts -ta)]/Q, which results 
show only ±1% different from the first way.  
From the tables 1-4 we see that the thermal efficiency of the system varies with the daily solar irradiation. In the 
case where the water temperature of the heat storage is 47 plus-minus 1°C and the ambient temperature is 31 
plus-minus 2°C, the thermal efficiency of the system will be 34%-45% when the daily solar irradiation is above 
19MJ/m2, and 24%-32% when the daily solar irradiation is between 14MJ/m2 and 18.5MJ/m2, and will be zero when 
the daily solar irradiation is below 4MJ/m2. 
What we can obtain from Table 1, Table 2 and Table 5 is that the thermal efficiency of the system will be 
higher if the water in the heat storage tank is colder at the beginning of daily heat collection process while the 
daily solar irradiation and the average ambient temperature are almost the same.  
In the case where the water temperature in the heat storage tank is above 56.5°C, as shown in Table 5, the 
temperature rises slowly. This is because there is a heat balance between the system heat absorption and heat loss. 
As the system thermal efficiency remains between18% to 21%, the water temperature increases by 0.4 to 0.6°C 
every day, and the temperature difference between the water in the tanks and the ambient air becomes greater 
especially during night or rainy days causing higher heat loss. 
So The elements which have effect on the system thermal efficiency are daily solar irradiation which supplies 
the energy for the collectors, and initial water temperature in the heat storage tank which have an effect on the 
efficiency of heat exchange that influence the system thermal efficiency, and the heat loss of pipelines during 
heat transfer which affects the system thermal efficiency the most. 
3.2 The water temperature stratification and thermal insulation of the heat storage tank  
3.2.1 The distribution of the position of temperature sensors in the tanks and the water temperature stratification in 
the tanks 
  
Fig.4.(a)The distribution of the position of temperature sensors;(b)The distribution of water temperatures stratified in the tank as time passes 
The water temperatures are designed to stratify and increase from the bottom to the top using a special long 
cylinder installed vertically in the middle of the tank with a purpose to minimize the hot and cold water mixing. 
There are many deflector holes around the cylinder up and down in position in order to control the hot water flow 
and heat up the water in the upper layer quickly first, then heat up the lower water layer through holes at different 
levels. So water in the heat storage tank will be heated up from top to bottom and stratified vertically. The 
distribution of water temperatures stratified in the tank during the period of May 10 to June 9 is shown in Figure 
4.(b), and the water temperature difference between the top and the bottom is about 12 to 19°C. 
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3.2.3 The average heat loss factor of the heat storage tank 
Test conditions: The average ambient temperature t =21.6ćˈ Test period ǻĲ=296hours. 
Table 6 test data in tank 1#and tank 2# 
The distribution of initial water 
temperatures in tank 1# 
The distribution of final water 
temperatures in tank 1# 
The distribution of initial water 
temperatures in tank 2# 
The distribution of final water 
temperatures in tank 2# 
Tb1_1 49.8 Tb1_12 51.4 Tb1_1 44.8 Tb1_12 46.3 Tb2_1 46.3 Tb2_12 51.9  Tb2_1 41.8 Tb2_12 44.2 
Tb1_2 52.4 Tb1_13 52.3 Tb1_2 47.9 Tb1_13 49.8 Tb2_2 49.8 Tb2_13 53.4  Tb2_2 46.5 Tb2_13 49.8 
Tb1_3 54.3 Tb1_14 56.1 Tb1_3 49.2 Tb1_14 52.5 Tb2_3 52.8 Tb2_14 55.8  Tb2_3 47.5 Tb2_14 52.8 
Tb1_4 55.1 Tb1_15 57.4 Tb1_4 51.8 Tb1_15 53.1 Tb2_4 54.4 Tb2_15 58.5  Tb2_4 50.4 Tb2_15 54.2 
Tb1_5 56.7 Tb1_16 57.6 Tb1_5 53.9 Tb1_16 52.7 Tb2_5 56.5 Tb2_16 58.0  Tb2_5 52.3 Tb2_16 54.1 
Tb1_6 56.8 Tb1_17 57.2 Tb1_6 54.2 Tb1_17 52.6 Tb2_6 57.2 Tb2_17 57.5  Tb2_6 53.9 Tb2_17 53.7 
Tb1_7 57.3   Tb1_7 54.3   Tb2_7 58.9   Tb2_7 54.5   
Tb1_8 57.8   Tb1_8 53.7   Tb2_8 58.7   Tb2_8 53.8   
Tb1_9 57.5   Tb1_9 53.5   Tb2_9 58.3   Tb2_9 53.6   
Tb1_10 57.4   Tb1_10 53.2   Tb2_10 57.7   Tb2_10 53.2   
Tb1_11 57.3   Tb1_11 52.9   Tb2_11 57.6   Tb2_11 52.8   
Average 
value 55.67  
Average 
value 55.33  
Average 
value 51.76  
Average 
value 51.17  
Average 
value 55.29  
Average 
value 55.85  
Average 
value 50.94 
Average 
value 51.47  
Totally, the initial water temperature ti= 55.50°Cin average while the final temperature tf = 51.47°Cduring the 
whole test in table 6. Therefore, the average heat loss factor of tank 1# is going to be 0.50W/(K·m3) calculated by 
the equation.  
,
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The initial water temperatureti=55.57°C on average while the final temperaturetf=51.20°Cin average during 
the whole test in table 6. Therefore, the average heat loss factor of tank 2# is 0.54W/(K·m3) calculated by the 
equation (1). 
the error will be 0.03W/(K·m³) if calculated according to the equation 
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The heat loss factor of tank 1# is almost the same as that of tank 2# although its polyurethane insulation layer 
inside the wall(300mm) is much thinner than the latter(500mm) based on analysis of the data above. We calculate 
the ratio of the tank wall heat loss factor,  to the total heat loss factor of the tank, by the equation below: 
  .1 2
2 / (U )
ln / s l
la V
r r
SO  
                   (3) 
Furthermore, the ratio of heat loss factor for the polyurethane insulation layer inside the wall, to the heat loss 
factor for the total polyurethane insulation layer inside the tank, can be calculated by the equation: 
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According to the results of the calculation and analysis above, what accounts for the greater part of the  heat 
loss of the tank is not the polyurethane insulation layer which causes only 20%-30% , but the angle iron fasteners 
between the inner and outer shell of the tank as shown in Figure 5 and in addition the  pipe fittings. Considering 
that the area of side polyurethane layer is only 50%-60% of the entire polyurethane layer of the tank, the heat loss 
factor is almost the same for the thickness of the polyurethane layer increased from 300mm to 500mm. So our 
conclusion is to make an improvement of the fasteners and pipe fittings in order to obtain better heat-insulation 
effect and economic value. 
 
Fig.5 Structure of the inner water tank 
4. Conclusions  
The thermal efficiency of the system varies with the daily solar irradiation. The efficiency is 34% to 45% 
when the daily solar irradiation is above 19MJ/m2, and 24% to 32% when daily solar irradiation is between 
14MJ/m2 and 18.5MJ/m2, and will be zero when the daily solar irradiation is below 4MJ/m2 . These efficiencies 
apply for the condition where  the initial water temperature of the heat storage is 47 plus-minus 1°C and the 
ambient temperature is 31 plus-minus 2°C.  
The average heat loss factor of the heat storage tank is only 0.5W/(K·m3). Considering that the 
components(except polyurethane layer) account for the major part of the  heat loss of the tank and the 
contribution of the side wall polyurethane layer is relatively small compared to the heat loss of entire 
polyurethane insulation layer, the heat loss factor is almost the same when the thickness of the polyurethane layer 
increases from 300mm to 500mm. So it is effectual to make an improvement of the fasteners(made of angle iron) 
and pipe fittings of the tank in order to obtain better heat-insulation effect and economic value. 
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